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ABSTRACT
Vechur (Bos indicus) is the only native cattle breed of Kerala. The present study was aimed at leptin gene 
polymorphisms and their associations with milk production traits in 74 heads of Vechur and 108 crossbred cattle 
(Bos taurus × nondescript cattle) from Kerala. Microsatellite analysis was performed at the BM1500 marker, 
located 3.6 kb downstream from the leptin gene by polymerase chain reaction and denaturing polyacrylamide 
gel electrophoresis (6%). The alleles for the marker BM1500 in Vechur cattle were 126 bp, 132 bp, 136 bp, 144 
bp and 150 bp whereas in crossbreds, the alleles were 126 bp, 132 bp, 136 bp, 138 bp and 144 bp. The 132 bp 
allele was the most abundant in Vechur and the crossbred cattle population with frequencies of 0.40 and 0.46, 
respectively. The 138 bp allele was absent in Vechur as against 150 bp allele in crossbreds. In comparison to 
earlier studies on BM1500 locus in cattle, two novel alleles of 126 and 132 bp were detected in the present study. 
Allele frequency was highest for 132 bp in Vechur (0.40) as well as the crossbred cattle (0.46) under study. The 
polymorphic information content (PIC) of BM1500 marker in Vechur was 0.6595 while 0.656 in crossbred 
cattle. In the association study, the highest averages of 305 day milk yield and daily milk yield were observed 
for Vechur and crossbred cattle possessing 136 bp allele. The highest milk fat percentages were recorded in 136 
bp allele bearing Vechur animals and crossbreds possessing 138 bp allele. 
Key words: Vechur, leptin gene polymorphism, crossbred cattle of Kerala, BM1500 marker, milk 
production
Introduction
According to the National Bureau of Animal Genetic Resources (NBAGR) there are 
30 recognized cattle breeds in India, of which Vechur (Bos indicus) is the only one from 
Kerala. Vechur cattle owe their name to the village of its origin, Vechur, a place near 
Vaikom of Kottayam District in Kerala, on the banks of the fresh water lake ‘Vembanade’. 
Regardless of its low milk production, the smaller sized and docile natured Vechur 
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cattle are famous as a household animal. This breed is considered as one of the smallest 
cattle breeds in the world. Vechur bull and cow measure an average of 99 and 89 cm in 
height and 104 and 93 cm in length, respectively (IYPE and VENKATACHALAPATHY, 
2001). The characteristic features of Vechur cattle include high milk fat percentage (4.7), 
smaller sized milk fat globules (Vechur: 3.21 μm, crossbred cattle of Kerala: 4.87 μm 
and Murrah buffalo: 5.85 μm), low level of feed requirements and high disease resistance 
(VENKATACHALAPATHY, 1996; RAGHUNANDANAN, 2006). Milk fat percentage, as an 
important criterion that determines milk pricing, the genetic basis of which needs to be 
investigated, shall aid the proper selection and further improvement of the breed. 
Various genes are found to be associated with production traits in cattle and the 
leptin gene is one among them. Leptin is involved in the regulation of feed intake, energy 
metabolism, fertility and immune response (HOUSEKNECHT et al., 1998) which renders 
it a potential candidate for quantitative trait loci (QTL) studies and marker assisted 
selection (MAS). If association between leptin gene polymorphism and milk production 
traits exists in the indigenous or crossbred cattle population of Kerala, it will be useful for 
selection based on molecular markers. The present study was focused on the associations 
of polymorphisms of BM1500 marker at leptin locus with milk production traits in Vechur 
and crossbred cattle of Kerala.
Materials and methods
Vechur and crossbred cattle maintained in the Vechur conservation trust, University 
livestock farm, Mannuthy and Cattle breeding farm, Thumboormuzhi of Kerala 
Agricultural University were selected for the present study. The crossbred cattle 
population of Kerala was developed by a crossbreeding programme implemented in the 
state to enhance milk production. Exotic breeds used for crossbreeding include Holstein 
Friesian, Brown Swiss and Jersey. In the present scenario, the crossbred cattle population 
of Kerala possess a mosaic genetic make up of exotic and indigenous cattle. DNA was 
isolated from blood samples of 74 Vechur and 108 crossbred cattle of Kerala using 
phenol chloroform extraction procedure (SAMBROOK and RUSSEL, 2001). The quality 
and molecular weight of DNA were measured electrophoretically using 0.8% agarose. 
Template DNA for PCR was prepared by diluting the DNA stock solution with sterile 
triple distilled water to a concentration of 50 ng/μL. The BM1500 marker region was 
amplifi ed using a custom synthesized primer (STONE et al., 1996). The forward primer was 
radiolabelled using DNA-end-labelling kit (Bangalore Genei) at the 5’ end with γ 32P ATP 
to visualize the PCR products by autoradiography. The PCR cocktail of 10 μL included 
template DNA (50 ng), dNTPs (200 μM), MgCl2 (1 mM), forward and reverse primers 
(5 pmol), Taq DNA polymerase (0.3 U) and 10X buffer (1 μL). Temperature and cycling 
conditions for PCR were as follows: 94 ºC for 5 min, 94 ºC for 1 min, 57.4 ºC for 1 min, 
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72 ºC for 1 min and fi nal extension at 72 ºC for 5 min. The PCR products were subjected 
to denaturing polyacrylamide gel electrophoresis (6%) along with M13 Bacteriophage 
DNA as a marker. The gels were electrophoresed at 40 W for three hours, transferred 
to a fi lter paper, covered with cling fi lm, dried in a vacuum heated gel drier (Scie-Plas, 
GD-4534) at 80 ºC for one and a half hours and visualized by autoradiography. The sizes 
of alleles were determined by comparing with G, A, T and C sequences of M13 phage 
DNA. Heterozygosity of BM1500 marker was calculated in Vechur and crossbred cattle 
population by the method of OTT (1992) using the formula
where pi is the frequency of i
th allele AND k is the number of alleles at BM1500 locus.
The polymorphic information content of BM1500 microsatellite was calculated for 

























where pi and pj are the frequencies of i
th and jth alleles, respectively and k is the number of 
alleles (BOTSTEIN et al., 1980).
Thirty milliliters of milk were collected consecutively for two days from animals 
in 65-90 days of lactation. Milk fat percentage was estimated by the Gerber method as 
described in IS: 1224 (1977) part one. The information regarding the fi rst lactation milk 
yield, lactation length and daily milk yield were collected from the records maintained 
on the farms. The lactation milk yield was standardized for 305 days by multiplying with 
correction factors to obtain 305 day milk yield (RICE et al., 1970).
The effect of BM1500 polymorphism on the 305 day milk yield, daily milk yield, 
lactation length and milk fat percentage were determined by t- test and univariate analysis 
of variance (ANOVA) in Vechur and crossbred cattle (SNEDECOR and COCHRAN, 1994). 
Results 
Microsatellite analysis at the BM1500 marker revealed fi ve alleles each in Vechur 
(126, 132, 136, 144 and 150 bp) as well as in the crossbred cattle population (126, 
132, 136, 138 and 144 bp) in the present study (Fig. 1). The frequencies of each allele 
and genotype are summarized in Table 1. The highest frequency at BM1500 locus was 
observed for 132 bp allele in Vechur (0.40) and crossbred cattle (0.46) under study. 
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In Vechur cattle population fi ve genotypes (132/132, 136/126, 136/132, 144/132, 
150/144) were observed as against seven genotypes (126/126, 132/132, 136/126, 136/132, 
138/132, 144/132 and 144/136) in crossbred cattle population. The highest frequency was 
observed for the 144/132 genotype in Vechur (0.44) as well as crossbred cattle (0.38). The 
lowest frequency was observed for 132/132 and 136/126 (0.07) in Vechur as opposed to 
136/132 (0.05) in crossbred cattle.
In the present study, the PIC value of BM1500 marker was obtained as 0.6595 in 
Vechur and 0.6560 in crossbred cattle. The heterozygosities in Vechur and crossbred 
cattle were 0.7082 and 0.6984, respectively. 
Table 1. Allele and genotype frequencies of BM1500 polymorphism in Vechur and crossbred 
cattle of Kerala
Population





























Vechur 0.05 0.40 0.13 - 0.32 0.10 - 0.07 0.07 0.22 - 0.44 - 0.2
Crossbred 
cattle 0.12 0.46 0.12 0.06 0.24 - 0.07 0.1 0.1 0.05 0.12 0.38 0.2 -
The highest 305 day milk yield and daily milk yield were recorded in Vechur (378.39 
± 42.44 and 1.43 ± 0.12 kg) and crossbred cattle (2142.61 ± 104.4 and 7.31 ± 0.38 kg) 
possessing 136 bp allele, but this increase was not statistically signifi cant. The highest 
milk fat percentage was noticed in crossbred cattle carrying 138 bp allele (3.56 ± 0.13) 
compared to animals carrying 136 (3.51 ± 0.11), 132 (3.42 ± 0.08) and 144 bp alleles 
(3.35 ± 0.09). 
In Vechur cattle, 136/132 genotyped animals had the highest averages for 305 day 
milk yield (363.20 ± 53.78 kg), daily milk yield (1.51 ± 0.14 kg) and milk fat percentage 
Fig. 1. Autoradiograph of BM1500 polymorphism in crossbred cattle of Kerala
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(4.55 ± 0.37) whereas in crossbreds 132/132 genotyped animals had the highest averages 
for 305 day milk yield (2028.55 ± 134.5 kg) and daily milk yield (6.72 ± 0.64 kb). In the 
present study milk fat percentage (3.58 ± 0.14) in 138/132 genotyped crossbred cattle was 
signifi cantly higher compared to 132/132 genotyped animals (3.41 ± 0.08).
Discussion
 At the BM1500 locus, various researchers have reported varied numbers of alleles 
and genotypes in a diverse panel of cattle, four alleles and fi ve genotypes in beef breeds 
comprising Angus, Charolais, Hereford and Simmental (FITZSIMMONS et al., 1998), three 
alleles and six genotypes in Holstein Frisian (LIEFERS et al., 2002), six alleles in Angus 
and four alleles in Charolais (ALMEIDA et al., 2007).
In comparison with the alleles reported by various researchers, 136 and 144 bp by 
TESSANE et al. (1999), 136, 144 and 146 bp by LIEFERS et al. (2002) and 136, 138, 142, 
144, 146, 148 and 150 bp by ALMEIDA et al. (2007), two novel alleles of size 126 and 132 
bp were detected at the BM1500 locus in the present study. 
In contrast to present results, LIEFERS et al. (2003) reported the highest frequency for 
144 bp allele (0.45) in Holstein Friesian cattle while ALMEIDA et al. (2007) recorded the 
highest frequency for 142 bp allele (0.46) in Charolais breed. 
The frequencies of alleles at the BM1500 locus observed in the present study are 
comparable with previous reports. ALMEIDA et al. (2007) reported frequencies of 0.25 and 
0.31 for 136 bp and 144 bp alleles, respectively, whereas TESSANE et al. (1999) reported 
higher frequencies of 0.49 and 0.51, respectively in the Angus breed. The frequency of 
150 bp allele in the Charolais breed was reported as 0.07, which is comparable with the 
frequency of 150 bp allele in Vechur cattle. In Holstein Friesian, one of the purebred Bos 
taurus cattle used for the breeding programme in Kerala, allele frequencies of 0.41 (136 
bp), 0.45 (144 bp) and 0.14 (146 bp) were reported (LIEFERS et al., 2003). 
ALMEIDA et al. (2007) and LIEFERS et al. (2003) reported alleles of size 142 and 146 
bp at the BM1500 locus in Angus and Holstein Friesian, respectively, which were not 
detected in the present study. The reason for the identifi cation of 142, 146 and 148 bp 
alleles among crossbred cattle of Kerala could be attributed to the reduced sample size or 
on-going selection against these alleles in the population. 
While examining the genotypes reported by FITZSIMMONS et al. (1998), LIEFERS 
et al. (2003) and ALMEIDA et al. (2007), six new genotypes (126/126, 132/132, 136/126, 
136/132, 138/132 and 144/132) were identifi ed at the BM1500 locus in the present study. 
In Vechur cattle the highest genotype frequency was observed for 144/132 (0.44) while the 
lowest was 132/132 as well as 136/126 with a frequency of 0.07. The 144/132 genotype 
topped with a frequency of 0.38, whereas the 136/132 genotype (0.05) showed the lowest 
frequency in crossbred cattle. None of the genotypes, other than 144/136 (LIEFERS et al., 
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2003) observed in the crossbred cattle population, have been reported on yet. Differences in 
numbers and frequencies of alleles and genotypes at a microsatellite marker are indicative 
of genetic variability and form the basis of all genetic diversity indices. 
In the Vechur cattle population the 144 bp allele showed a frequency of 0.32, but no 
homozygous animals were detected for the said allele. The process of natural or artifi cial 
selection going on against the 144/144 genotype may be the reason for this. 
Since, BOTSTEIN et al. (1980) opined that a marker was highly informative if its PIC 
was greater than 0.5, the BM1500 marker is considered as highly informative in the 
Vechur and crossbred cattle population. 
The increased milk yield in animals possessing 136 bp allele may be due to lower 
leptin concentration associated with 136 bp allele, as reported by LIEFERS et al. (2003). 
ALMEIDA et al. (2007) detected a positive correlation of 136 bp allele of the BM1500 
marker with increased average weight gain in beef cattle and live weight in Holstein 
Friesian cattle. LIEFERS et al. (2002) could not fi nd a signifi cant association between 
polymorphism at the BM1500 marker and milk production traits in Holstein Friesian 
cattle. 
FITZSIMMONS et al. (1998) reported an association of 138 bp allele with fat deposition 
in beef cattle, which is similar to the present fi ndings. The average lactation length was 
highest in 138 bp allele carrying crossbred cattle (304 ± 6.72 days) while in Vechur cattle 
the highest value was observed in 150 bp allele carrying animals (246.83 ± 25.73 days). 
The crossbred cattle possessing 144 bp allele had a higher average for 305 day milk yield 
(1943.71 ± 128.6 kg) and daily milk yield (6.49 ± 0.45 kg) compared to animals bearing 
132 and 138 bp alleles. 
Conclusions
Analysis of microsatellite marker polymorphism at BM1500 locus revealed that 
allele 136 bp was associated with higher 305 day milk yield, daily milk yield and milk 
fat percentage in Vechur. Higher values for the said parameters were observed in animals 
with 136/132 genotype. It was also observed that the highest average lactation length was 
observed for animals possessing 150 bp allele. In crossbred cattle also animals carrying 
136 bp allele topped for 305 day milk yield and daily milk yield. Average lactation length 
and milk fat percentage were higher in 138 bp allele bearing crossbred animals. Extension 
of research on leptin gene polymorphism to a greater number of animals and exploration 
of the association of different molecular markers on the leptin gene may complement 
traditional selection methods, which in turn would improve the value of the native breed, 
Vechur, and the crossbred cattle population of Kerala. 
41
F. A. Lali and K. A. Bindu: BM1500 polymorphism in cattle of Kerala
Vet. arhiv 81 (1), 35-42, 2011
References
ALMEIDA, S. E. M., E. A. DE ALMEIDA, G. TERRA, J. P. NEVES, P. B. D. CONCALVES, W. 
T. DE AZEVEDO (2007): Association between molecular markers linked to leptin gene and 
weight gain in postpartum beef cows. Cien. Rural 37, 206-211.
BOTSTEIN, D., R. D. WHITE, M. SKOLNICK, R. W. DAVIS (1980): Construction of a genetic 
linkage map in man using restriction fragment length polymorphisms. Am. J. Hum. Genet. 32, 
314-331.
FITZSIMMONS, C. J., S. M. SCHMUTZ, R. D. BERGEN, J. J. McKINNON (1998): A potential 
association between the BM1500 microsatellite and fat deposition in beef cattle. Mamm. 
Genome 9, 432-434.
HOUSEKNECHT, K. L., C. A. BAILE, R. L. MATTERI, M. E. SPURLOCK (1998): The biology 
of leptin: a review. J. Anim. Sci. 76, 1405-1420. 
IYPE, S., R. T. VENKATACHALAPATHY (2001): Vechur cattle of Kerala, Kerala Agricultural 
University, Thrissur, 37.
LIEFERS, S. C., M. F. W. TE PAS, R. F. VEERKAMP, T. VAN DER LENDE (2002): Associations 
between leptin gene polymorphisms and production, live weight, energy balance, feed intake, 
and fertility in Holstein heifers. J. Dairy Sci. 85, 1633-1638.
LIEFERS, S. C., R. F. VEERKAMP, M. F. W TE PAS., C. DELAVAUD, Y. VAN DER LENDE 
(2003): Leptin concentrations in relation to energy balance, milk yield, intake, live weight and 
estrus in dairy cows. J. Dairy Sci. 86, 799-807. 
OTT, J. (1992): Strategies for characterizing highly polymorphic markers in human gene mapping. 
Am. J. Hum. Genet. 51, 283-290.
RAGHUNANDANAN, K. V. (2006): Vechur cattle of Kerala. Indian Cow 7, 48-49. 
RICE, V. A., F. N. ANDREWS, E. J. WARWICK, J. E. LEGATES (1970): Breeding and Improvement 
of Farm Animals. 6th edn. Tata Mc Graw-Hill, Aroon Purie at Thomas press, India. 721.
SAMBROOK, J., D. W. RUSSELL (2001): Molecular Cloning: A Laboratory Manual. 3rd ed. Cold 
Spring Harbor Laboratory Press, New York, 1886.
SNEDECOR, G. W, W. G. COCHRAN (1994): Statistical Methods. 8th ed. Iowa State University 
Press, Ames, Iowa, 564. 
STONE, R. T., S. M. KAPPES, C. W. BEATTIE (1996): Two polymorphic microsatellites within an 
18 kb genomic clone containing the bovine ob gene. Anim. Genet. 27 (Suppl. 2), 64.
TESSANE, K., H. C. HINES, M. E. DAVIS (1999): Relationships of polymorphisms in the bovine 
leptin gene with differences in beef carcass traits. Research and reviews: Beef and sheep. 
Special circular no. 170, The Ohio State University.
VENKATACHALAPATHY, R. T. (1996): Milk protein polymorphism and milk composition in 
Venchur cattle. M.V.Sc. Thesis, Kerala Agricultural University, Thrissur, 97.
Received: 20 November 2009
Accepted: 9 July 2010
42
F. A. Lali and K. A. Bindu: BM1500 polymorphism in cattle of Kerala
Vet. arhiv 81 (1), 35-42, 2011
LALI, F. A., K. A. BINDU: Polimorfi zam mikrosatelitskog markera BM1500 i 
obilježja proizvodnje mlijeka u vechurskoga i križanoga goveda u Kerali u Indiji. 
Vet. arhiv 81, 35-42, 2011.
SAŽETAK
Vechursko govedo (Bos indicus) jedina je autohtona pasmina goveda u Kerali. Istraživanje je poduzeto 
s ciljem da se odredi povezanost polimorfi zma gena za leptin s obilježjima proizvodnje mlijeka u 74 goveda 
vechurske pasmine i 108 križanih goveda (Bos taurus x mješano govedo) u Kerali. Mikrosatelitska analiza 
markera BM1500 smještenoga 3,6 kb nizvodno od gena za leptin provedena je lančanom reakcijom polimerazom 
i poliakrilamid gel elektroforezom (6%). Aleli za BM1500 u vechurskoga goveda bili su veličine 126 bp, 132 
bp, 136 bp, 144 bp i 150 bp, dok su u križanih aleli bili 126 bp, 132 bp, 136 bp, 138 i 144 bp. Najčešće je bio 
dokazan alel od 132 bp s učestalošću 0,40 u vechurskoga i 0,46 u križanoga goveda. Alel od 138 bp nije bio 
ustanovljen u vechurskih goveda, a alel od 150 bp u križanih goveda. U objema skupinama najčešći je bio alel 
od 132 bp: za vechursko govedo 0,40, a križano 0,46. Informacijski paket za polimorfi zam markera BM1500 
u vechurskoga goveda bio je 0,6595, a u križanoga 0,656. Najduže prosječno vrijeme laktacije od 305 dana s 
prosječno najvećom dnevnom količinom mlijeka ustanovljeno je u goveda koja su imala alel od 136 bp. Najveći 
postotak mliječne masti dokazan je u vechurskih goveda s alelom od 136 bp, a križanih goveda s alelom od 
138 bp.
Ključne riječi: Vechur, leptin, gen, polimorfi zam, križano govedo, marker BM1500, proizvodnja mlijeka, 
Kerala
